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Abstract of the Disclosure 
A balloon catheter is provided, which comprises a 
catheter body made of a flexible tube provided with at 
least one inner channel ana with an annular groove 
5 formed on an outer surf act near the distal end portion 
of the tube, and a balloon covering the annular groove 
in such a manner that the outer diameter of the balloon 
is equal to or smaller than a maximum diameter of the 
distal end portion of the tube, the balloon being 
10 expanded or shrunk through another inner channel. A 
method of manufacturing the balloon catheter which 
comprises the steps of reducing an outer diameter of a 
distal end portion of the catheter body while keeping a 
desired inner channel undamaged, mounting a tubular 
heat-resistant member to a prospective balloon mounting 
portion of the reduced diameter portion, molding a 
reduced diameter portion extruded from the heat- 
resistant member into a spherical shape, and mounting an 
inflatable balloon to the balloon mounting portion after 
removing the heat-resistant member. 
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The present invention relates to a balloon catheter 
for intravascular indwelling which has an inflatable 
balloon at its distal end, and a method of manufacturing 
the same. 

The distal end portion of a conventional balloon 
catheter for intravascular indwelling of this type is 
inserted in a blood vessel by using an insertion tool 
such as an introducer, and the balloon catheter is 
indwelled in a predetermined portion. In this state, 
measurements, therapy, and the like are generally 
performed. 

The outer diameter (before inflation) of the 
balloon attached to a conventional balloon catheter is 
larger than that of the catheter, and the balloon is 
exposed outside. Wheh the balloon catheter is to be 
inserted into a blood vessel, the balloon is caught by a 
check valve or the inner wall of the insertion equipment 
and is undesirably damaged. 

in another conventional balloon catheter, the outer 
diameter of the distal end portion of a catheter is set 
to be smaller than that of the remaining portion of the 
catheter and a balloon is mounted on the small-diameter 
portion. Although the catheter can be inserted into a 
blood vessel by using a sheath having the same diameter 
as that of the catheter and a blood vessel is not so 
damaged, the outer diameter of the balloon is larger 
than that of the distal end portion of the catheter 
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at the upper end portion of the balloon and a -step 
is formed between the balloon and the distal end of 
the catheter. The balloon tends to be brought into 
direct contact with a check valve or the like arranged 
at an insertion port of blood vessel insertion equipment 
and may be damaged. In still another conventional 
balloon catheter, the boundary portions of the upper 
end of a balloon and the distal end of a catheter are 
potted by an adhesive and the distal end portion of the 
catheter is smoothly coupled to- the balloon mounting 
surface. 

in this case, damage to the balloon can be 
eliminated. However, since the outer diameter of the 
balloon is larger than that of the distal end of the 
catheter, a sheath having a diameter corresponding to 
the balloon diameter larger than that of the catheter 
must be used and a blood vessel tends to be damaged by 
the catheter. In addition, since the potted portions 
are not formed of the same material as that of the 
potted members, peeling of the adhered portions occurs. 
Thus, a danger caused by intravascular indwelling of the 
catheter cannot be perfectly eliminated. 

The diameter of the balloon catheter for intra- 
vascular indwelling of this type is very small, and 
therefore it is difficult to mass-produce the structure 
in which the diameter of the balloon is set to be 
smaller than that of the adjacent catheter. 
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It is an object of th© present invention to provide a 
compact balloon catheter and a method of manufacturing the same, 
wherein a balloon mounted on the catheter will not be caught and 
damaged by a check valve or inner wall member of blood vessel 
insertion equipment, and a sheath having a diameter larger than 
the catheter need not be used during insertion, thereby 
preventing damage to the blood vessel. 

According to an aspect of the present invention there 
is provided balloon catheter comprising: a catheter body formed 
as a single member and made of a flexible tube provided with at 
least one inner channel with an opening at a distal end portion 
| thereof, the catheter body being provided with an annular groove 
f formed on an outer surface of the tube and including a distal 
§ wall adjacent to the distal end portion, a proximal wall, and a 
| bottom portion extending a predetermined length along an axial 
| direction of the tube between the distal and proximal walls, and 
I with a balloon inflation inner channel open to the bottom portion 
§ of the annular groove; and a balloon secured to the catheter body 
? for covering the bottom portion of the annular groove, the 

balloon being arranged in the annular groove such that an outer 
surface of a distal end portion of the balloon is contacted with, 
and is secured by a binding means to, the bottom portion of the 
annular groove adjacent the distal wall, with the rest of the 
balloon being everted over the binding means, with the proximal 
end of the balloon secured near the proximal wall, with the 
entire outer diameter of the balloon in its deflated state being 
equal to or smaller than a maximum outer diameter of the distal 
end portion of the tube. 

According to another aspect of the present invention, 
• there is provided a method of manufacturing a balloon catheter, 
kb:ycc 
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f comprising the steps of : forming a prospective balloon mounting 
iportion and a prospective catheter distal end forming portion 
extending toward the extreme end from the prospective balloon 
Counting portion by reducing an outer diameter of a distal end 
portion of a balloon catheter body made of a thermoplastic 
material and having a predetermined inner channel, thereby 
^forming a small-diameter portion while allowing the predetermined 
inner channel to remain therein; inserting a tubular heat- 
resistant member into the prospective balloon mounting portion of 
fthe small -diameter portion and protecting the prospective balloon 
mounting portion, the tubular heat-resistant member having an 
inner diameter substantially the same as an outer diameter of the 
small-diameter portion; forming the prospective catheter distal 
end forming portion extending from the tubular heat-resistant 
member into 
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a catheter distal end shape; and mounting an inflatable 
balloon to the prospective balloon mounting portion 
after the tubular heat-resistant member is removed. 

An upper edge of the wall surface defining the 
annular groove and contacting the distal end portion of 
the tube is preferably a smooth curved surface. The 
distal end portion of the tube is preferably smoothly 
arcuated or flat. These portions can be formed by heat 
molding or ultrasonic machining. 

Reduction of the diameter of the distal end portion 
is performed by inserting a heat-resistant rod or 
tubular member into an inner channel adapted to be left 
as a cavity for measurements (e.g., a blood pressure) or 
a balloon inflation cavity and by heating the resultant 
structure. 

The tubular heat-resistant member to be inserted 
into the prospective balloon mounting portion is 
preferably dividable along the longitudinal direction. 

A tubular reinforcing member made of a heat- 
resistant plastic, a ceramic or a metal may be embedded 
beforehand in the inner channel (an inner cavity) of an 
area including at least an annular groove formation 
range serving as the balloon mounting portion so as to 
cause the reinforcing member to communicate with other 
portions in the inner cavity. In this case, the inner 
diameter of the tubular reinforcing member is substan- 
tially the same as that of the inner cavity which 



1299954 



- 6 - 

communicates with it/ A connecting portion between the 
reinforcing member and the inner cavity is preferably 
flat. 

The tubular reinforcing member is preferably 
inserted in a predetermined inner cavity of a balloon 
catheter body having a plurality of inner cavities prior 
to the reduction of the diameter of the distal end 
portion of the catheter. Subsequently, the distal end 
portion including a position corresponding to the 
balloon mounting portion is preferably subjected to 
distal end working including reduction of its diameter. 
Finally, the balloon is mounted on the balloon mounting 
portion while the reinforcing member is left in the 
predetermined inner cavity. 

The step of mounting the balloon may include the 
steps of: inserting a rod or pipe member having substan- 
tially the same outer diameter as the inner diameter of 
the inner channel into the inner channel to assure the 
inner diameter of the inner channel; placing one end of 
a balloon tube at one end of the annular groove of the 
distal end portion of the catheter body? fixing one end 
of the balloon tube to one end of the annular groove by 
an adhesive or a string which is wound around one end of 
the balloon tube; turning the balloon tube inside out 
and fitting the balloon tube in the annular tube; and 
fixing the other end of the balloon tube to the other 
end of the annular groove by an adhesive or a string 
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which is wound around the other end of the balloon 
groove. Both the end portions of the balloon tube 
constitute a substantially continuous flat surface 
together with the distal end portion of the catheter 
body and the balloon tube rear adhesion portion of the 

catheter body. 

The substantially continuous, flat surfaces of the 
connecting portions between the two ends of the balloon 
tube and the catheter body may be formed in the follow- 
ing manner. A potting material is filled in the bounda- 
ry portion between the balloon tube and the distal end 
of the catheter body or between the balloon tube and the 
rear adhesion portion of the catheter body. Alterna- 
tively, a string may be wound around the boundary por- 
tion with a proper tension, and the balloon tube and the 
string may be embedded in the tube of the catheter body. 

This invention can be more fully understood from 
the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 
Fig. 1 is a sectional view of a balloon catheter 
according to an embodiment of the present invention; 

Fig. 2 is a side view of the balloon catheter shown 
in Fig. 1; 

Fig. 3 is a sectional view showing a balloon 
inflated state of the balloon catheter shown in Fig. 1; 

Fig. 4 is a schematic view for showing a state 
wherein the balloon catheter is inserted in a blood 
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vessel ; 

Figs. 5A to 5C are perspective views for explaining 
the steps in manufacturing the balloon catheter shown in 
Fig/ 1; 

Figs. 6A to 6E are sectional views for explaining 
the steps in mounting the balloon in the balloon 
catheter shown in Fig. 1; 

Figs. 7A to 7D are views for explaining the steps 
in embedding reinforcing members in the inner channels 
of the distal end portion. of the catheter; and 

Fig. 8 is a sectional view of a balloon catheter 
according to another embodiment of the present 
invention. 

A preferred embodiment of the present invention 
will be described with reference to Figs. 1 to 3 . 

Fig. 2 shows catheter body 1 made of a flexible 
tube. The flexible tube has flanged distal end portion 
la and annular groove lb formed adjacent to distal end 
portion la along the circumferential direction of the 
tube. Catheter body 1 has first inner channel 1c open 
to the flange of distal end portion la, as shown in 
Fig. l r and second inner channel Id open to the bottom 
of annular groove 1. First and second inner channels lc 
and Id extend along the longitudinal direction of 
catheter body lb. 

Cylindrical balloon 2 is mounted in annular groove 
lb of catheter body 1 so as to cover the bottom of 
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groove lb. Balloon 2 is fixed by string 3 such that the 
balloon in the deflated state has an outer diameter 
equal to or smaller than maximum output diameter I of 
distal end portion la of catheter body 1. Therefore, 
the depth of groove lb is large enough in consideration 
of the thickness of balloon 2. 

Upper edge le of the wall surface defining annular 
groove lb and contacting distal end portion la of 
catheter body 1 is formed as a smooth curved surface, 

A typical material of the catheter body is a 
thermoplastic resin such as polyolefin, an ethylene- 
vinyl acetate copolymer, polyester , polyvinyl chloride, 
polyurethane, a fluorine resin, nylon, or the like. 

A typical material of balloon 2 is an elastic 
material selected from silicone rubber, polyurethane, 
and latex. 

An application method of this balloon catheter will 
be described below. As shown in Fig. 4, blood vessel 
inserter 4 (e.g., an indwelling cannula or an 
introducer) is partially pierced in blood vessel 5. 
Balloon catheter 6 is inserted into blood vessel 
inserter 4 and is gradually introduced into blood 
vessel 5. 

During the above operation, since balloon 2 has a 
size equal to or smaller than the outer diameter of 
distal end portion la of catheter body 1, balloon 2 
tends not to be caught by a check valve (not shown) 
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arranged at insertion port -4a of inserter 4— Since the _ 
inner diameter of inserter 4 need not be larger than the 
outer diameter of the catheter, damage to the blood 
vessel can be reduced. Since distal end portion la of 
catheter body 1 has a substantially flat surface (or 
disk-like surface), the blood vessel wall is not 
stimulated and the catheter can be inserted to a desired 
indwelling position in blood vessel 5. 

Carbon dioxide gas or another fluid is supplied to 
balloon 2 through second inner channel Id, and balloon 2 
can be inflated to a predetermined size. The catheter 
can be inserted to the predetermined indwelling 
position, as shown in Fig. 3. Edge le of catheter body 
1 has a smooth curved surface, and balloon 2 can be 
smoothly inflated without being interfered by edge le, 
thereby obtaining a perfectly symmetrical shape of the 
inflated balloon. In order to deflate balloon 2 again, 
the fluid is removed from balloon 2 through second inner 
channel Id. 

A method of manufacturing the balloon catheter will 
be described with reference to Figs. 5A to 5C. 
Manufacturing Example 

Polyvinyl chloride catheter body material 1' having 
four or five inner cavities each having a French size of 
4 Fr to 8 Fr was prepared. Metal rods or metal pipes 9 
and 10 were respectively inserted in pressure measure- 
ment cavity 7 and balloon inflation cavity 8 so as to 
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leave them as inner channels, as shown in Fig. 5A. 
Polyvinyl chloride rods or pipes 11 and 12 made of the 
same material as that of catheter body 1 might be 
inserted in the other inner cavities, respectively. In 
this state, the diameter of the distal end portion of 
catheter body 1 was reduced to a predetermined value for 
a predetermined length (i.e., a length including the 
prospective balloon mounting portion and the prospective 
distal end formation portion extending toward the 
extreme end from it) by means of heat molding using a 
glass, ceramic or metal mold (Fig. 5B> . This molding 
can also be made by ultrasonic or RF machining with a 
metal mold. 

Stainless steel tubular member 13 which could be 
divided in its longitudinal direction was mounted on 
small-diameter portion 14 so as to cover the prospective 
balloon mounting portion, as shown in Fig. 5C. Prospec- 
tive distal end formation portion 15 exposed from the 
upper end of tubular member 13 was molded with heat, an 
ultrasonic wave, or an RF wave by using a glass, ceramic 
or metal mold having a shape corresponding to distal end 
portion la of the catheter shown in Fig. 2, thereby 
obtaining a structure almost the same as that in Fig. 2. 

Tubular member 13 was divided and removed, and metal 
rods or metal pipes 9 and 10 were removed from the 
distal end of catheter body 1. Therefore, the pressure 
measurement cavity (corresponding to first inner channel 
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ic in Fig. 1) and the balloon inflation cavity 
(corresponding to inner channel Id in Fig. 1) were 
formed. 

Edge le contacting the balloon mounting portion 
(corresponding to annular groove lb in Fig. 1) of distal 
end portion la of the catheter was molded with heat, an 
ultrasonic wave, or an RF wave together with a surface 
treatment using a solvent such as a tetrahydrof uran 
solution. As a result, a smooth curved surface was 
obtained (Fig. 2). 

Metal, ceramic or heat-resistant plastic pipes or 
rods 17 and 18 having the same diameters as those of 
pressure measurement cavity 8 and balloon inflation 
cavity 7 are respectively inserted in cavities 7 and 8 
so as to prevent their deformation (Fig. 6A) . Latex 
balloon tube 2 having two open ends was inserted such 
that its one end covers distal end portion la, as shown 
in Fig. 6B. One end of balloon tube 2 was fixed by 
winding string 3 in annular groove lb, as shown in 
Fig. 6C. An adhesive may be used in place of string 3 
to fix the balloon tube, or string 3 may be wound around 
the balloon tube and may be fixed with an adhesive. A 
typical material of string 3 is a plastic material such 
as nylon. As an adhesive, a cyanoacrylate adhesive may 
be used. 

As shown in Fig. 6D, balloon tube 2 was turned 
inside out and was moved in catheter body 1 so as to 
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fit the other end of tube 2 on catheter body 1. As 
shown in Fig. 6E, the other end of balloon tube 2 was 
fixed in annular groove lb and fixed through string 3 or 
an adhesive. Potting agent 16 was applied to a step 
formed between the fixing portion and catheter body 1. 
in this case, an urethane, epoxy, or silicone agent is 
preferably used as potting agent 16. Finally, pipes or 
rods 17 and 18 were removed. A balloon catheter shown 
in Fig. 1 was obtained without deforming pressure 
measurement cavity 11 and balloon inflation cavity 8. 
Balloon tube 2 was fixed to the catheter body such that 
tube 2 in the deflated state had a size equal to or 
smaller than maximum outer diameter of distal end 
portion la of catheter body 1. Therefore, the depth of 
groove lb was large enough to receive balloon tube 2. 

in the above example, potting agent 16 was filled 
in a stepped portion between the other end of balloon 
tube 2 and catheter body 1, and the other end was 
flatened. However, a proper tension may be applied to 
string 3, the other end portion of balloon tube 2 and 
string 3 may be embedded in catheter body 1, and the 
mounting portion may be flatened. In this case, potting 
agent 16 need not be used. If 20' nylon 6 string 3 is 
used, a proper tension is 5 to 50 g. 

The outer diameter of mounted balloon 2 was equal 
to or smaller than the maximum outer diameter of the 
distal end portion of the catheter. When the balloon 
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was inflated through the balloon inflation cavity, the 
shape was symmetrical. 

In the above example, the diameter of the distal 
end portion of the balloon catheter was reduced by 
inserting pipes or rods having the substantially same 
diameters as those of the inner channels so as to pre- 
vent deformation of the first and second inner channels. 
After the operation, the pipes or rods were removed. 
However, in order to prevent natural contraction of the 
inner channels or deformation/contraction of the inner 
channels, which is caused by a pressure of the balloon 
mounting system, the following method may be employed. 

As shown in Fig. 7A, first and second reinforcing 
members 19 and 2 0 are inserted beforehand in inner 
cavities 7 and 8 of balloon catheter body material 1' 
having a plurality of inner cavities. In this case, the 
portions 7a of inner cavities 7 and 8 which receive 
first and reinforcing members 19 and 20 have a larger 
thickness than that of other cavity portions by the 
thickness of reinforcing member 19 or 20, as shown in 
Fig. 7B. Reinforcing member 19 is located below distal 
end formation portion lb' (Fig. 7C>. The diameter of a 
distal end portion is reduced for a predetermined length 
by heat molding with a glass, ceramic or metal mold 
(Fig. 7C). In this case, molding may be performed with 
an ultrasonic or RF wave. Distal end la is molded with 
a glass or metal mold to obtain a mushroom-like shape 
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while a stainless steel tubular member (Fig. 5C> 
dividable into two pieces in the longitudinal direction 
is inserted in the distal end portion. At this time, 
the uppermost end portion of reinforcing member 19 is 
preferably aligned with the distal end of the catheter. 
Heat molding, ultrasonic machining, or RF machining may 
be used. Balloon cavity Id is located in a predeter- 
mined position. 

One end of balloon 2 made of silicone rubber, 
urethane rubber or latex rubber is fixed to the distal 
end potion with a string, as shown in Fig. 1. The other 
end of balloon 2 is also fixed with a string, thereby 
completing molding and assembly of the distal end 
portion of the catheter shown in Fig. 1. According to 
the above method of the present invention, since the 
reinforcing members are inserted in the necessary inner 
cavity portions of the catheter, the inner cavities will 
not contract or will not be deformed during molding of 
the distal end of the balloon catheter and after 
molding. Therefore, degradation of balloon inflation/ 
deflation response or measuring pressure response no 
longer occurs. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

X. A balloon catheter comprising: a catheter body 
formed as a single member and made of a flexible tube provided 
with at least one inner channel with an opening at a distal 
end portion thereof, the catheter body being provided with an 
annular groove formed on an outer surface of the tube and 
including a distal wall adjacent to the distal end portion, a 
proximal wall, and a bottom portion extending a predetermined 
length along an axial direction of the tube between said 
distal and proximal walls, and with a balloon inflation inner 
channel open to said bottom portion of the annular groove; and 
a balloon secured to the catheter body for covering the bottom 
portion of the annular groove, the balloon being arranged in 
the annular groove such that an outer surface of a distal end 
portion of the balloon is contacted with, and is secured by a 
binding means to, the bottom portion of the annular groove 
adjacent said distal wall, with the rest of the balloon being 
everted over said binding means, with the proximal end of the 
balloon secured near the proximal wall, with the entire outer 
diameter of the balloon in its deflated state being equal to 
or smaller than a maximum outer diameter of the distal end 
portion of the tube. 

2. A catheter according to claim 1, wherein an outer 
edge of said distal wall is a smooth curved surface. 

3. A catheter according to claim 1, wherein the 
distal end portion has a smooth curved surface or is flat. 
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4. A catheter according to claim 1, wherein a 
cylindrical reinforcing member having an inner passage is 
coaxially inserted in a portion of the at least one inner 
channel over which the balloon is mounted, said inner passage 
being in communication with other portions of the at least one 

inner channel* 

5. A catheter according to claim 4, wherein said 
reinforcing member has substantially the same inner diameter as 
that of the at least one inner channel and is connected thereto 
through a substantially smooth surface. 

6. A catheter according to claim 4, wherein the 
reinforcing member is made of a heat-resistant hard plastic 
material . 

7. A catheter according to claim 4, wherein the 
reinforcing member is made of a metal. 

8. A catheter according to claim 4, wherein the 
reinforcing member is made of ceramics. 

9. A balloon catheter according to claim 1, wherein 
the outer diameter of the balloon in its deflated state is equal 
to a maximum outer diameter of the distal end portion of the 
tube. 

10. A balloon catheter according to claim 1, wherein 
said binding means is a winding of a string. 

11. A balloon catheter according to claim 1, wherein 
said binding means is an adhesive. 
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12. A balloon catheter according to claim 4, wherein 
said cylindrical reinforcing member has a length extending from 
the distal end portion of the balloon to a proximal end portion 
of the balloon secured to the annular groove. 

13. A method of manufacturing a balloon catheter, 
comprising the steps of : forming a prospective balloon mounting 
portion and a prospective catheter distal end forming portion 
extending toward the extreme end from the prospective balloon 
mounting portion by reducing an outer diameter of a distal end 
portion of a balloon catheter body made of a thermoplastic 
material and 
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having a predetermined inner channel, thereby forming a 
small-diameter portion while allowing the predetermined 
inner channel to remain therein? inserting a tubular 
heat-resistant member into the prospective balloon 
mounting portion of the small-diameter portion and 
protecting the prospective balloon mounting portion, the 
tubular heat-resistant member having an inner diameter 
substantially the same as an outer diameter of the 
small-diameter portion; forming the prospective catheter 
distal end forming portion extending from the tubular 
heat-resistant member into a catheter distal end shape; 
and mounting an inflatable balloon to the prospective 
balloon mounting portion after the tubular heat- 
resistant member is removed. 

14. A method according to claim 13, wherein the 
step of forming the small-diameter portion of the distal 
end portion comprises the step of inserting a heat- 
resistant rod or pipe in a predetermined inner channel 
subjected to catheter indwelling and heat-treating the 
distal end portion. 

15 . A method according to claim 13, wherein the 
step of forming the distal end portion of the catheter 
comprises the step of forming a flanged distal end with 
a smooth curved or a relatively flat upper surface. 

16. A method according to claim 13/ wherein the 
step of mounting the balloon comprises the step of 
mounting the balloon such that an outer diameter thereof 
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is equal_.to_.or_ smaller than an outer diameter of the 
distal end of the catheter. 

17. A method according to claim 13, wherein the 
tubular heat-resistant member is dividable along a 
longitudinal direction thereof. 

18 . A method according to claim 13, wherein the 
step of forming the distal end portion is performed by 

molding with heat. 

19. A method according to claim 13, wherein the 
step of forming the distal end portion is performed by 
molding with an ultrasonic wave. 

20 . A method according to claim 13, wherein the 
step of forming the distal end portion of the catheter 
includes the step of forming a smooth catheter distal 
end edge which contacts the balloon mounting portion. 

21. A method according to claim 13, further 
comprising the steps of: inserting the cylindrical 
reinforcing members in the distal end portion including 
positions, corresponding to the balloon mounting 
portion, of necessary inner channels of a balloon 
catheter body having a plurality of inner channels, 
prior to the step of forming a small-diameter portion of 
the distal end portion of the catheter body, performing 
distal end working, including reduction of a diameter of 
the distal end portion, for the distal end portion 
including the positions corresponding to the balloon 
mounting portion, and mounting a balloon, to the balloon 
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mounting portion while the reinforcing members are left 
in position, wherein cylindrical reinforcing members are 
fixed in inner channels at positions corresponding to at 
least a balloon mounting portion so as to allow communi- 
cation with other portions of the inner channels. 

22. A method of manufacturing a balloon catheter, 
comprising the steps of: preparing a catheter body 
having a balloon inflation inner channel and an annular 
groove, the annular groove extending in an outer surface 
of a flexible tube for a predetermined length of an 
axial direction thereof so as to be adjacent to a distal 
end portion of the flexible tube, the flexible tube 
being provided with at least one inner channel open to 
the distal end portion, and the balloon inflation inner 
channel being open to a bottom of the annular groove; 
inserting a rod or pipe member having the substantially 
the same outer diameter as the inner diameter of the 
inner channel into the inner channel to assure the inner 
diameter of the inner channel* placing one end of a 
balloon tube at one end of the annular groove of the 
distal end portion of the catheter body; fixing one end 
of the balloon tube to one end of the annular groove by 
an adhesive or a string which is wound around one end of 
the balloon tube; turning the balloon tube inside out 
and fitting the balloon tube in the annular groove; and 
fixing the other end of the balloon tube to the other 
end of the annular groove by an adhesive or a string 
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which" is wound around the other end- of the balloon tube, 
wherein both the end portions of the balloon tube 
constitute a substantially continuous flat surface 
together with the distal end portion of the catheter 
body and the balloon tube rear adhesion portion of the 

catheter body. 

23. A method according to claim 22 , weherein the 
step of forming the substantially smooth, continuous 
surface at the connecting portion between both the end 
portions of the balloon tube and the catheter body 
comprises the step of filling a potting material in the 
boundary portion between the balloon tube and the distal 
end of the catheter body or between the balloon tube and 
the rear adhesion portion of the catheter body. 

24. A method according to claim 22, wherein the 
step of forming the substantially smooth, continuous 
surface at the connecting portion between both the end 
portions of the balloon tube and the catheter body 
comprises the step of winding a string around the 
boundary portion with a proper tension and embedding the 
balloon tube and the string in the tube of the catheter 



body. 
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